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Our aim is to create a bacterial synthesis system for the peptide gemini (PG)-surfactants, previously known for their
antibacterial properties. We focused on the Polymyxin B synthesis enzyme, structurally similar to our target PG-surfactants.
This enzyme, part of the non-ribosomal peptide synthesis (NRPS) family, comprises ten modules, each with an A domain
for substrate amino acid adenylation, a T domain for conversion to thioester form, and a C domain for peptide chain
elongation. To adapt this enzyme for PG-surfactant synthesis, we needed to modify the A domain's substrate amino acids
to cysteine derivatives with alkyl chains. Prior studies suggested A domain mutation allows this conversion, yet details on
the Polymyxin B A domain structure and crucial amino acids were scarce. In our study, we cloned and sequenced the ten
Polymyxin B enzyme modules from P. polymyxa NBRC3020, expressed them in E. coli, purified the proteins, and tested
each A domain's adenylation activity. We confirmed their ability to adenylate the respective substrate amino acids. Next, to
activate modified cysteine derivatives with C1, C2, or C3 alkyl chains to SH groups, we introduced mutations in the 10th
module's A domain. Our results showed these mutations successfully enabled the adenylation of these modified cysteine

derivatives.
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s g NN . L-Dab | TAAGAAGGAGATATACATGGTGAG | CTCGAGTGCGGCCGCAAGCTTGAG
KT % pET-21d (+) O~ VFra—=r 7% £ MIC (4521 bp) AGAGAATACCAAAGA-3' CATTTCCAGCGAGG-3'
3 - Ry ~ - < 4 — ~o 5'-TCTAGAAATAATTTTGTTTAACTT | 5'- ATCTCAGTGGTGGTGGTGGTGGTG
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GGAAAAAGAGCAA-3' AATATCAATGGCCTC-3'
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. (3951 bp) L-Leu | TAAGAAGGAGATATACATGITIGA | CTCGAGTGCGGCCGCAAGCGICAA
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. N ~ 5’ -TCTAGAAATAATTTTGTTTAACTT | 5’ -ATCTCAGTGGTGGTGGTGGTGGTG
o720 ST EREERSCTEEZEAEE L TESNEY ;23/1%5 ;:)7 L-Thr | TAAGAAGGAGATATACATGAAGAC | CTCGAGTGCGGCCGCAGCCAAGTT
R GCTCGTTCAATTGTT-3' CAGCTCGGCAAT-3'
2 —JVIZ2WTIX.Ni-NTA His bind resin ( SNV v :H:) T8 5-TCTAGAAATAATTTTGTTTAACTT | 5'-ATCTCAGTGGTGGTGGTGGTGGTG
X " - NN . L-Dab | TAAGAAGGAGATATACATGITCCA | CTCGAGTGCGGCCGCAGCCAAGTT
W THEER 217w, BRANES (Amicon Ultra-4, 43 (3138 bp) CCGGCTGTTTG-3' CAGCTCGGCG-3'
= . LY P . = ~ 5'-TCTAGAAATAATTTTGTTTAACTT | 5'-ATCTCAGTGGTGGTGGTGGTGGTG
@ﬁ\%i 50 kDa) iz X V) {)f?ﬁﬁ 75_’ 17 7’:..0 %@E’;Eﬁ ﬁ@ﬁi‘ 15% "tz3/2554 t)):)g L-Dab TAAGAAGGAGATATACATGTTCCA CTCGAGTGCGGCCGCAGCGAACGC
~ = CCGGCTGTTC-3' GAATTCGATC-3'
SDS-PAGEIZ & D175 720 59110 5'-TCTAGAAATAATTTTGTTTAACTT | 5-ATCTCAGTGGTGGTGGTGGTGGTG
(/3§45 bp) L-Thr | TAAGAAGGAGATATACATGAAATC | CTCGAGTGCGGCCGCAAGGCTTCCA
TITGTTTGAAAA-3' TGCAGTACCCCGGCCT-3
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HEL LTRA7-D121F, BICEY 2 — VHALTE )
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IRHLTHHRBLEEEZ LD NG o —h
T, L-Dab%E7 I /METHEY 22—V 1, 5 6. 8,
912D Tl L-Dab & HHEIREE M9 MBL L 72 L-Lys 2
BaliitEEb 2wz bbb, EVa— LV ITEodk
B7 3 BRI B0 R M BESICBL T, BV 2—
W EIZEDOWENELRD Z L2502 T2

RICEERTE OB E P> 72, £V 22—V 1, 5. 8,
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i 5 — % % 5C12 L 72 Lineweaver-Burk plotic X 9, 75
ZIWALTERED & — 2 =N =B keas I AT A E Kons

kea/ Km Z M L 72 (322)0 SRIOFHETIE, T FA A~
WL TL-KRARNYTFT4 2 (4 -PPT)DSEA SN2k
RETHEMZIT> TR WVD, BRI Y I vy —F
—N—DFEMTOFHITE 20 RN 2RI RED
bN7zo LML, BONINTA—F—2 KL 72T A,
L-DabzR UIET7 I /ML LTHWEEY2—V5, 8,
9IZonTid, HPOBRKIEEZ O Ldbrol, —
FHCL-Thr 237 I/ HBELTHWSEEY 2= 1012
DOWTiE, L-Dabz#BE7I /L THVWEEY 22—
WEWK L, #1/50 BEOEMETH S Z L2505 h -7

3.4. ARXAUHEET7I/B%ZL-Dablld 315
G. L-Thril 3B RICF—ERDIT7TI/BREE
DEEFAT—2ZTICLEER
LDab%E73I /METHEY 22— )1, 5 8,

9 L-Thr 2 B 7 I /HBETAHEY2— V101220

T HHET IV BOEBICF— LR bT I BOKE

%. Alphafold 212 & 2 VA PRIEEZ CIT T 720 T

LDabx BE7 I /METAHEI2—V1, 5 8 9D

AFRXAL BT A, REREGYA N EL RS

WL C. Sz ERAbE 256 08 iRy

# (RMSD) b & Tl L 720 3R 2@ e LT,

LDab%EET7I/HETHIINLEYV 2 —VICHE TR

HARXAL TR BCEAIHEFEME & IR, RIS

THTIWRIET R A=Y 3 v OFPED RN S,

BAKMYIZ1E, L-Dab®o-7 I/ k13 Asp204 D48 7 v

RE v, v-oME 7T I /31T Asp310 I X D iFiksh

5—JiT. TEMUCBY 2 HMRT L 22 Mg 4 4 >

13 Thr305. ATPHIRD Y YA + ~ X Asp394 12 X 1) &

HwaEnD (M6)o ThHik, EYVa2—1, 5, 8 9T

EWREES R S Fze REFSETIEL-Thr 2 i3 % €

T2 —=)L101x LT HISHIC 7OV F VB S L7z Cys

ETTZMETES L) ICHEZT-7205 dbLIhoo

2 Lineweaver-Burk plot ICEBEES 12 —ILICEEND A KX A > D7 F ZILEMEDHE
Module A MW keat Km keat/Km
7R (kDa) [min] [mmol L] [L mmol! min]
EVa—/1 L-Dab 172.0 0.061 0.261 0.235
EVa—/L5 L-Dab 124.6 0.550 +0.340 0.445+0.210 0.826 £0.619
EVa—/L8 L-Dab 118.3 0.663 +£0.058 1.09 +0.228 0.623 £0.095
EVa—/L9 L-Dab 119.3 0.478 £0.095 0.411 +0.029 1.15+0.142
EVa2—/L10 L-Thr 124.6 0.014 +0.004 0.725 £0.640 0.019 £0.007
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—FK T, L-Thr 27 7= VLT HEV 22—V 10DAF
A4 2OV T, L-Thr®a-7 3 7 HIZFEKEC Asp204
OMGEH VR F I Y FRENS—F T, L-Thr ofl
$H 13X Phed66 233 % 3 2L CTillikZ LT\ 5 LRl S 7z,
7 72 MBI B BHIRT & % 5 Mg® A F > 13 Thr305.
ATPHIED ) Y BEA F+ ~ 13 Asp394 12X D ks B D
WBEDLLLholze Ladto> T, JISHIC T IV VB S
N72Cys2 77 ML TELIHICETY 22—V 10 Z2HWE
$5121%, Phed66 JHAL~DT I VBERDPENTH S Z
EHTRIZ S Tz,
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BBETRED 21— 10 \OHE
EV2—IVI0ODARAAL V%, TUVFVEBHY AT

A VikEkE T T VAL RE R D DA T 27200 %

FERIRIE IO W T, Alphafold2 12 & ) Pl Eh7-EY

2—=IVI0DA F XA YO A P~S- A F WL Cys D

AutoDock7 12Xk B Ry F v 73y 3al—3Y g vy &2LICE
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